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INTRODUCTION 

This report summarizes design studies of new dichromatic neutrino 

beams to replace the old dichromatic target train1 which was used 

primarily for experiments by the CIT-FermilabGroup. The old train 

could run for hadron momentum below 170 GeV/c. Its targetting angle 

was 6 mrad with a solid angle acceptance of 12 usr. The primary 

design goal for the new train is to raise the hadron momentum to 

350 GeV/c in order to utilize the accelerator operation at 400/500 

GeV/c, to reduce wide band and wrong sign backgrounds by orders 

of magnitude, and to improve momentum definition. 

We will discuss two new designs, Train N-30 and Train Q-30. For 

comparison, we will also discuss a "hypothetical" old train which 

can run at 300 GeV/c (for convenience, the horizontal and vertical 

planes are interchangedwith respect to the actual old train). 

Train N-30 and Train Q-30 employ conventional iron magnets and have 

point-to-parallel focussing in both horizontal and vertical planes. 

They fit in the present target tube of 200 feet in length. Other 

focussing modes, such as point-point-paralle12, do not seem to be 

feasible without lengthening the target tube. Details about optical 

properties for the new trains will be described elsewhere". 
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HYPOTHETICAL OLD TRAIN 

Details about the old train are discussed in Reference 1. Beam 

parameters are summarized in Table I. Some properties are shown 

here in order to stress clearly some improvements made for the new 

train. Figures 1 and 2 show computed fluxes4 of neutrinos and 

antineutrinos for a detector of 1 m radius. The train is set to 

300 GeV/c for primary protons of 500 GeV. Collimators are set to 

the normal open conditions. Wide band backgrounds and wrong sign 

backgrounds are also shown. 

Figure 3 shows the momentum acceptance computed by the TURTLE 

program' which assumes input particles with a uniform momentum 

distribution. It has a tail on the higher momemtum side? 

A two dimensional plot of x versus Ap/p at the end of the train is 

shown in Figure 4. In order to reduce the flux of particles with 

higher momenta, an angle slit was closed at the negative angle side 

in some of the actual runs. The poor momentum definition is a severe 

disadvantage of this train. 

N-30 TRAIN 

Figure 5 shows a schematic drawing of the N-30 Train. The 

targetting angles are 11.737 and 1.283 mrad in the horizontal and 

vertical directions, respectively. Beam properties are summarized 

in Table I. The first five quadrupole magnets are horizontally 

defocussing and are displaced to give negative bends as indicated. 

Bending magnets, Dl, D2 and D3 are rotated about their longitudinal 

axis by 30° C.W., 24.38O C.W. and 20° C.C.W., respectively, in order 

to give vertical deflections. All the bending magnets, Dl-D5 are 
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are Main Ring Bl magnets (10 or 20 feet long) and quadrupole magnets 

are also Main Ring quadrupole magnets (7 or 4 feet long). Table II 

gives operational parameters for the magnets. Excitation currents 

are 5000 A or less at 350 GeV/c. 

The first bending magnet, Dl, is very effective in suppressing 

the wrong sign background. The vertical deflection is introduced 

to reduce the wide band background. 

Figures 6 and 7 show computed neutrino and antineutrino fluxes 

for a detector of 1 m radius. The momentum of the train is set to 

300 GeV/c for primary protons of 500 GeV. Wide band and wrong 

sign backgrounds from the two-body decay are also computed and 

shown. 

To illustrate how the wide band background has been reduced, 

neutrino fluxes and wide band backgrounds for two earlier versions, 

Train K and Train N, are shown in Figures 8 and 9, respectively. 

Train K does not have any vertical deflection; otherwise it is 

exactly the same as Train N-30. Train N is identical to Train N-30 

except for 30° rotation of the first bending magnet in the latter. 

Figure 10 shows a computed momentum acceptance. A uniform 

momentum distribution is assumed for input particles. Two dimensional 

plots of correlations between horizontal and vertical production 
. 

angles (x0 and yo) and momentum (Ap/p) are shown in Figures 11 and 12, 
. 

A strong correlation between x0 and Ap/p is seen. Particles with 

higher momenta correspond to large negative production angles. Since 

the production cross section for these particles at high energies is 

very small, a long tail at the high momentum side is suppressed. 
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This is also true at the low momentum side. Therefore, an effective 

momentum acceptance is considerably smaller than that shown in 
. 

Figure 10. No correlation between y, and Ap/p is seen. Particle 

distributions for the horizontal and vertical planes at the upstream 

end of Enclosure 100 are shown in Figures 13 and 14. Figure 15 shows 

a correlation between the two distributions. 

TRAIN Q-30 

A schematic drawing of Train Q-30 is shown in Figure 16. Magnets 

with large apertures, 6-3-120 Beam Line Dipole magnets and 4Q120 Beam 

Line Quadrupole magnets are used for a triplet focus arrangement. 

narrow vertical aperture of Main Ring Bl magnets (1.5") precluded a 

triplet arrangement in Train N-30. 

The 

Table I summarizes beam properties of Train Q-30. One of the 

advantages of the triplet arrangement of this train is that beam 

optics can be made symmetric in the horizontal and vertical planes. 

Magnifications at Enclosure 100 can be matched to allow a reasonable 

muon beam in the Muon Laboratory. A larger aperture gives more 

neutrino flux and it is particularly advantageous at lower energies 

where production cross sections of mesons have a wider angular spread. 

Figures 17 and 18 show computed neutrino and antineutrino fluxes 

for a detector of 1 m radius. The momentum of the Train is set to 

300 GeV/c for the primary protons of 500 GeV. Intensities and spectra 

are essentially identical to those for Train N-30. Wide band and 

wrong sign backgrounds from the two-body decay are also shown. The 

wrong sign background is effectively reduced by the first bending 
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magnet as in Train N-30. The wide band background is reduced mostly 

by vertical bends which are provided by rotations of the first 

six bending magnets. 

Large cross sectional dimensions of the magnets, 70 cm H x 

65.4 cm V, make such arrangements extremely difficult inside the 

target tube of 180 cm in diameter. 

Train Q-30 represents the extreme limit of rotations and 

displacements of these magnets within the confines of the target 

tube, though some modifications in bed plates and changes in the 

beam line in the Neuhall are still required. Momentum acceptance 

is shown in Figure 19. The distribution has a sharper fall off at 

the high momenta than that for Train N-30. This is a result of the 

smaller value of the 1, 2 component of the transfer matrix for the 

triplet in the horizontal plane when compared with the doublet. 

Figures 20 and 21 show two dimensional plots of ;b versus Ap/p 
. 

and Y, versus Ap/p. Horizontal and vertical particle distributions 

and correlation between the two distributions are shown in Figures 22, 

23 and 24. 

CONCLUSION 

Train N-30 seems to be preferable to Train Q-30 for the following 

reasons: 

1. The wide band backgrounds are much smaller for Train N-30. 

2. Neutrino flux gain due to the large aperture magnets in 

Train Q-30 is at most, 10% at higher energies (2300 GeV/c) 

and only about 30% at lower energies. 
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3. Train N-30 requires minimum changes in Neuhall for the 

500 GeV accelerator operation. On the other hand, 

Train Q-30 requires sizable beam steering in both the 

horizontal and vertial planes in Neuhall. 

4. Costs of the magnets with two spare magnets (one quad and 

one bend) are $lOOK and $406K for Train N-30 and Train 

Q-30, respectively. 

5. Mechanical construction might be more difficult for Train 

Q-30 because it uses heavier and larger magnets. 

Some of the disadvantages with Train N-30 are: 

1. A large magnification in the vertical plane at Enclosure 100 

reduces muon intensity in the Muon Laboratory. 

2. No spaces are available for beam absorbers before the end of 

the fifth quadrupole magnet. Therefore, the beam must be 

dumped inside the magnets on fixed aperture collimators. 

One of the significant advantages of Q-30 is the flexibility 

derived from the remotely controlled, variable aperture 

collimators. 

3. At sufficiently low energies, fluxes fall off due to the 

limited solid angle acceptance of the train. However, in 

any event, other train systems are more advantageous in 

the low energy region6. 

4. Coupling between momentum and solid angle acceptances in 

worse than with Train Q-30. 

Since the primary beam must be dumped near the target, very 

localized and fast heating problems must be solved. 
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TRAIN 

Nominal Maximum 
Momentum 

(GeV/c ) 

TABLE I - 
SUMMARY OF BEAM PROPERTIES 

OLD N-30 Q-30 

170 350 350 

Production Angle 
(mrad) 

0 0 0 

Targetting Angles 
(mrad) 

Bend Plane 6 11.7 9.7 
Non-Bend Plane 0 1.3 2.3 

Angular Acceptance* 
for AP = 0 (mrad) 

Bend Plane 
Non-Bend Plant 

1,17 1.31 2.16 
2,.34 2.20 1.81 

Solid Angle Acceptance 
for Ap = 0 (usr) 

11.0 11.5 15.7 

* 
The angular acceptance for Ap = 0 is defined by the apertures of 
the bending magnets only. 
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T&BLE II - 
OPERATIONAL PARAMETERS FOR THE WiGNETS IN TRAIN N-30 AT 350 GeV/c 

POWER SUPPLIES MAGNETS FIELDS CURRENTS POXERS 

1 Dl - D4 18.84 KG 5000 A 444 KV? (DC) 

2 D5 9.1 2400 17 

3 Ql - Q5 248 KG/m 4600 438 

4 Q6r Q7 243 4500 $182 
. ^ 

1081. 

(Train Q-30 uses 800 kW(DC) total for 350 GeV/c.) 
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THE FOLLOWING IS A HISTOGRAM OF Y FOR 2309 RAYS 
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-1.505 TO 
-l.~PC TC 

-.F;OO TO 
-.CO" TO 

,500 TO 
l.OBC T@ 
:.5O!J TO 
2.P3G TO 
:.5CC TO 
3.?OC TO 
3.500 TO 
4.?00 TO 
4.5OC TO 
5. CO; TO 
tY . .r 32 TO 
CT. occ TO 
t.550 TO 
7.225 TO 
7.5CO TO 

-8.000 
-7.500 
-7.CCD 
-6.500 
-6,GbO 
-5.500 
-5.000 
-4.506 
-4.POO 
-3.500 
-3.cto 
-2.500 
-2.0 co 
-1.5co 
-1.000 

-.5ac 
-.ooo 

,500 
l.OCO 
1.5co 
E.GOO 
2.500 
3,ccil 
3.500 
4.000 
4.500 
5.000 
5.5cr) 
6*GC@ 
6.560 
7.000 
7.5GP 
8.000 

4 
a 
7 

17 
i6 

Ei 
27 

3 
8G 
9c 

IOI. 
143 
174 
175 
189 
158 
190 
lb3 
144 
118 

83 
39 
35 
35 
21 
2c. 
27 
14 
13 
14 

9 

GQEATED THAN 8.OCO 36 

xx 
xxxx 
xxx 
XXXYXXXX 
XXXXXxXXF 
xxxxxxxxxxxxxx 
xxxxxxxxxxxxxx _ . _._ 
xxxxxxxxxxxxxx’ 
xxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXXrYXXXXXXXXXXxxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxYxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxYxxxxxxxxxxxxxxxx%xxxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxxxxxxxx~xYxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxYx~xxx%xxxxxxxx~xxxxxxxxxxxxxxxxxx%xxxxxx%xxxxxxxYxxx~xxxxx%~ 
xx~xxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xx%xxxxxx%xxx%xxYxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%%xxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxYxxxxxxxxxxxx 
xxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~~xxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxxxxxxxxx~xxxxxxxxxxxx 
xxxxxxxxYxxxxxxxxxx~xxx%xxxxx%xxxxxxxxxxxxxxxxxxxxxxx%xxxxxxxY 
xxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxyxxxxxxxxxxx 
xxxxxxx!dxxxxxxxxxxxx 
XXXXXXXXXXXXXKXXXX 
xxxxxxxxxx~xxxxxxx 
xxxxxxxxxxx 
xxxxxxxxzx 
xxYxxxxxxxxxxx 
xxxxxxx 
xxxxxx 
xxxxxxx 
xxxx 

xxxxxxxxxxxxxxxxxx 

CENTER = ,013 FMS HALF UIDTH = 2.99, 

NO 24 OF Y IN IN 1318.546 FT FROM THE TARGET 

Ficrure .14 
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TWO UIPENSIONAL FLOT OF Y vs X 

-8.000 TO 
-7.500 TO 
--?*onu TO 
-6.500 TO 
-6.Df)O TO 
-5.500 TO 
-5,otra TO 
-4.500 TO 
-4.ao6 TO 
-3.50B.TO 
-3.009 TO 
-2.500 TO 
~Z*~~~., TO 
-1.500 TO 
-i.OQO TO 

7*5!? TO 
-*FOO TO 

.5DO TO 
1.000 TO 
I.500 TO 
2aQOO TO 
2.500 TO 
3.c300 TO 
3.500 TO 
zL.DCtC TO 
WQQ TO 
‘5,000 TO 
-5.500 TO 
6,QOD TQ 
6,500 TO 

‘P.rSiiU T@ 
7.5RZ1 TC 

-7.500 I I 2311 
*J.OUO I i 2111 i 
-6.501! I 2 2322311 I 
*6.000 I 2 2 1452 2. 1 
-5.500 I 21 4216421122 
-5.rjue I 1 3494411 I 
-4.500 I ii 22314462 .I 
-4.000 I 1 21 535G421 12i 
-3.500 I 21312354B858 3 1 
-3.ODc! I i11241226?F8864422?1 1 
-2.5DQ I I 22 23637A9E6762322111 
-2.uoc I 22 127555860D6~62212424 
-1.5oc I 134845557?OFFB94~24?835 
-2.000 I ' i l i l3863425JDOHCFA78864331 

-.500 I 2 1324554999CBEG9DB887441 
-.OCJt; I 1132~48AA8S3AGBJBEK691352 

.5oc I 34323366~995GB6PAB534~21t- 
2.QOQ x 11238BA5ACAHIAA889C56662 
1.5GO I 143123734A,8FGHF96AAW 622 
2.00D I 33427776886DFAC36C15 4 
2.5013 I 11335342446AHF7968621 1 
3.00~ I 11~3322422438$F9312222 
3.500 I I 1131236731i62 1 
4.000 I I 2 122496422 11 
4.5orl I 1 2 22169622 12 
5.DQti 1 11121 132252 
5.504 T 1 II 211373 
6.OQR f i Ii311 12 1861 
6.500 I: 1 12 1221321 
7.000 1 i 1 1121 1221 
7.500 I 1 2 211 1 41 2 
8.0bG I Ii11 2 211 

I 
I 
I 
E 
I 
r 
r 
r 
r 
I 
I 
r 
I. 
I 
I 
I 
1. 
I 
3 
I 
I 
I 
r 
I 
f 
I 
I 
I 
I 
I 
I 
I 

8 
7 

17 
18. 
28 
28 

-37 
44 
57 

-.w 
90 

iui 
143. 
174 
175 
!.c? 
158 
190 
J6'J 
144 
iit8 

83 .._. 
39 
35 
35 
2i 
20 
27 
14 
13 
$9.. 

9 
I**--- 44,,,44~--44-,-44,,,44---4~--~----~--- 

f I 
I I 
I 111221111 r 
I 122457879iJ375-783CO875431 T 

TOTALS I 165394411597628064520710472cO000 I 2269 

-8.ODO -3.000 2.000 7.000 TOTALi 
T”AL-- 44,,,44,--44,,,4*,,,*4---44--r ---M-m.-- 

TOfRL NUMEIER OF ENTRIES = 2309 INCLUDING UNSERFLOW AND OVERFLOW 

UNDERFLOW OVEEFLOW 
ACROSS G 0 
DOWN r; ‘. 36 

NO 25 TWO DIMENSIONAL PLOT OF 
X IN IPJ 1318.546 FT FROM THE TARGET 
Y IN IN i315.546 FT FROM TY4 TA9GET 

Figure 15 



-24- 



-25- 
.__ ( -__ .--. T----.. 

i. _ - - -- A._.-- I  

---r---‘- 

___. -_ _.-. 

1 
._. r . ._._ - .--‘-r--- 

1. --.;- . .Q. .  

r 8. : .L.. ,..- . . . - .-.- 
i- -. _..-.__. -.-. 

2 I_ .__. - .---; --- -...- 
r 
L . _..--- 
I 

_.. -. _ ------ 
300 



-I.-i-.--T-- ---- - 

I__. ..- --.-_-... j.- -- --/- 



TUE FOLLOWING IS A HISTOGR4t4 OF W/P FOR 3397 RAYS 

INTEYVAL 

.FSS TYAU -kO.3LlC 
-bC,DCU TO -36. DUO 
-3S.CCO TO -3601OE 
-?6r"CC TO -34.330 
-?k,O?? TO -32.X@ 
-??rQ!!? TO -3O.NP 

-15.GPl TO 
-14.OCO TO 
-1Z.nilO TO 
-1C.OGC TO 

-8.OC!l TO 
-F.gdn TO 
-L*OCG TO 
-2.GC!: TO 

C.CGC TO 
2.3C!C TO 
k.CCO TO 
6.'lC? TO 
E.UCU TO 

1c,000 TO 
i 2 l c CO TO 

iL.?GJ TCI 
!i.P,CS TO 
Lf7.05? TO 
2?.OCO TO 
22.000 TO 
2L.?P1? TC 
?~.GC~ TC 
?S.GC:: TC 
37.1ir0 TC . 
32.ccn TC 
34.000 TC 
3F.UDO TC 
2P."CO TC 

:GQEATER THAN 

-14. 000 
-LZ.OOG 
-10. 'JPO 

-9. xic 
-6. cl@0 
-4, 'I@ c 
-2.000 

o.ouo 
z.o[ia 
k.300 
6.000 
8.OJll 

10.000 
12.uco 
l4.Q3? 
16.300 
10. J80 
20.300 
22.100 
24.000 
26,900 
28, coo 
30rJGO 
32.900 
34.000 
38.300 
38*000 
4c.000 

4q* opo 

0. D 
: d 
.:. 0 0 
i 20 

.bf+. 70 80 
91. 

127 
144 151. 134 145 
154 144 
147 
140 
127 100 02 
E 
51 
32 
34 
20 
22 lb I? _. 5 5 4 -- 6 
a 

._ 
SCALE FACTOR: iDO- X+S EiUAL 154 RAYS 

xxxxxxxxxxxx 
xxxx%xxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxYxxxxxxxxxxxxxxxxxxxxxxx 
xxxxx.xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxxxxxxxxx 
XXXXXXXXXXxXXXXXXXxXxxxxxxxxxxx%xxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxx~xxx~xxxxxxxxxxxx 
xxxxxxxxxYxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxx%xxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxx%xxxx%xxx~~xxxxxxK 
XXXXXYXXXXxXXXXXXXXXxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxx 
XXX~XXXXXXXXXXXXXXXXXXXXXXXrXXXXXXXXXXXXXXxKXXXXXXXxXXXXXXXXX~XX%XXXXXXXXXXXXXXXX~XXXXKXXXXXXXXXXXKKK 
xXXXXXXXXXXXXXXXXXxXxxx~x%xx%xxxxx~s%xxxxxxxxxxxxxxx%xxxxxxxxxxxxxxxxxxxxxxxx%xx%xx~xxxxxxxxx 
xxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxKxxx~xxxxxxxxxxxxxxxxxx%xx%xxxxxxxx 
XxxxXxXXXxXXxXXxXXXXxxxxxxxxxxxxxxxxxxxxxx%Yxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xx I 
XXXXXXXXXXXXXXXXXXXXXXXXXXX%X%XXXXXXXxxXXXXXXXKXXXXXXXXXXXXXXXX%XXXXX h) 
XxxXXYXXXI(xXXxxXXxxxxxxxxxxsxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xx 4 

,xxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 

xx.xxxxxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx% 
xxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxx 

~xxxxxxxxxxxx 
xxxxxxxxxxxxxx 
xxxxx%xxxY 
xxxxq 
xxx 
xxx 
XX 
xxie 

'2.178 RMS HALF HIDTH = ii.E!?Z 

NO 23 OF LIP/O XN PC 193.500 FT FQOH THE TAQGET 

-- 
Fic;ure IY 
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1111146 I 15 
Mi339544 I .41 

12359665A64 I 57 
469AF9C87747 I 100 __-.- ̂._.. 

15BHGCECGfC8i34i r 154 
?700889GC98966 I i3i 

8FEHDFAFFAA7Ffi __ I 3.72 . -..- ._._.. - _._ _.. -.. 
47HH7ADE8BGCit95 I iii? 
BJ9BEDJ9BABBAl I 159 

._.-5FJEC~.E9N13B~A5_?._._.~ I 160 -._ 
ZBFEHOGKHFH063 I iT4 
88CJF~TJDDF36 167 

2LECFCEHLDHJ6 T 183 
7ADNRDDCEEECI I 157 

3J66CSEG JC73 I 128 
77CDBCIt6 I 93 
FAAC982 1 -G- 

49C9731 I 45 
B7Il22 I 35 
53 r 8. 

I”+---‘+--- ~r,,,4*,,-L+,,-r~---~*---44---~4r--- w---w 

I I 
I I 
I llilliillll I 
I ~4-J~-~~.,4534544400R6653322il I . 

TOTRLS I ~GDG~GGc!G~G4GG17rti45447G70284i~~~~bO5546-I 2217 

TOTAL NUHSER ~.F-._ENTRIES = 2217 INCLUDING UNDERFLOW AND OVE.PFLOW ~. . _ _ 

UNDERFLOW OVERFLOW 
J.C!?OSS es 0 . __..- _ ..- _ 
r)OWN G c 

NO l.4 TWQ L?lbYENZIP_N!L PLOL!?F- 
3PIP IN PI: F.QDO FT FROY THE TARGEl 

XPR IN MR O,OiiC FT FROM THE TARGET, FLAG AT 193.500 FT 

Figure 20 
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TWO OIHFYSIONA!.. PLOT OF YPR VS OP/P 

_ - 2.0 0 s 4. r 0 -I* 896. .-I._ .-- -__ --- I 1422474753736461 211 i I 
-1.8CO TO -1.600 T 315A33AA85953433li54i 2211 I 

-Ge 6@0 TO -i.QDtl I 3373869C709?585225543112 I 
" 4,4 ? B w- - 2i.t-w0_... 3 .__ __ 33247668A747AA6637132~i~~~~_~ .& I 
-1.2cu QO -ma0 I .-24254662A8688'54744-.31--ii 1 1 
-1,bDO TO -,809 I 22 766C965669C771562121345 i 2 I 
..?3L!!.e?.~ _.__ ro-- __._ -Td..o_Lic. ._.._____ - -.__...^. ..-- i3_51393ETtBB154..7.F411L...21??~ I __..._._. _ .~. 
-*600 TO 0.400 I 1527356537A3BS74622412~3 I 2 f 
-.4Ofl TO -.2UD I 13396784A3BA73844462322l.11 I 
-..2~LII) _.._,- ~dx-Q..- r--..--.-.- . _. .- .-...31,3?P7EC65?497.6Jftl5._3.2t.? 1 1 -- .__. -.. _._. 

.000 TO ,200 I 31332!328A97969~~8643533 12 I 
rz!Oe TO .4QO I 333897AC8876664771442241 II f 

dd?_O .__- TuL--.~~. _- .._. -- .--. ---.--- ._..- .- .- -..- _._. -_ 6UO I 2133488886717744555 32212 I -. ..- -. . _. __. ..-_. _,- _... - - __,____,_______. 
.609 TO .8Db! I 235288885A6778CC 42 i I 
r80B TO i*DDO I 213165A88869A57438722 

I.230 TO 1.408 I 14553A7186C894421 
lr4DD to I.600 I 142749946252C73 I 
1.60D TO .._ .-_.- _-_._ .-_.---i*s~a__L_--- .--- - ..-- ._- . . -... 23276wmw42 f . . .-. . ..-_ ----_.-.- __.___._. 
lb.303 TO 2.3019 I 2X%3953 753 I 

72 
ie3. 
135 

.-Lw 
105 
133 
iso 

ioi; 
523 
125 

-iis' 
i's7 

.ii5 
110 
123 

3 8 
95 
76 
82 - .- 
49 

TOfhL NU+-?BER OF ENTRIES = 2?$7 IN~fXUDING UNDERFLOW AND OVEiFtOW 

UNDERFLOW OVERFLOW 
ACROSS 0 Q . . .~- 
DOWN I? 55 

NO 15 TWO DXYENSIONAC PLOT OF ._ .--- - ..-.._--..... .- ..__. ._. - _.._- -_ _-.-_ 
OF/P IN PC 0,000 FT -FROM THE TAQGET 

YPR IN tiR 0.003 FT FROM THE TARGET, FLAG AT 193,500 Ff 

Figure 21 



TqE FOLLOwtdG IS A HISTOGRAX OF X FOR 22it RAYS 

IKTE?WAL SCALE FACTOR: 100 X+S EQUAL 392 RAYS 

LESS THb*I 
-8r00rl TO‘. 
-7.5e9 TO 

.-7.?;J TO 
-e.Ljc- TO 
-L*UC' Tr! 
-5.c;of; TO 
-5.100 TO 
-&*5CC TO 
-4rJYlG TO 
-1.533 TO 
-?,OCG ro 
-?.?.-I: TO 
-2.BfC TO 
-l.SC? TO 
-I.OC3 TO 

-,q,O TO 
-.Oc,? 70 

.';C" TD 
l.OCG TO 
l.SiC TO 
7.031' TO 
?r,5CO TO 
-, '?IJ@ TO . . D 
3.5CG l-c) 
L.000 TO 
4.5cc l-0 
S.OGcj TO 
5.5co TO 
F.OCG TO 
6.5tC TO 
'.l;Ec TO 
7.500 TO 

-.. -8.000 
-7.5co 
-7.000 
-6. SC0 
-6r3CC 
-5*50C 
-5, ZGD 
-r(.r;co 
-O.GDE 
-3.SDC 
-3.unr 
-2.c;co 
-2.?T!@ 
-1.500 
-1.530 

-*500 
-4 so0 

.50F 
I* out 
l.SUC 
2.360 
2.5!JU. 
3.003 
3.330 
4.GOU 
4.5CC 
5 , 350 
5.500 
6. ?3!l 
6'*5rsa 
799go 
7.500 
8* 300 

0 -. __ 
i 
;. 

i 
0 
0 
0 

2: 
61 

108 
341 
392 
213 
154 
123 
it3 
it5 
1c3 

77 
95 
99 
63 
65 
34 
25 

p" 
d 
a 

xxxxx 
xxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~%xxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxx~x 
XXXXXXXXXYXXXXXXXXXXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
x~xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxx~xxxxxxxxxxxxxxxxxx 

~XXXXXKXXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXXXXXXXXXXXXXXXXx~xxx 
xxxxxxxxxYxxxxxx w 
xxxxxxxxxxxxxxxx 0 
xxxxxxxx t 

xxxxxx 

a. iIDlY -b- 

CENTER = .617 RHS HALF WIDTH = 2.1130 _.^_f__ -_ -_-- -.-_ .-. ._..-. _ --__......__. 

!?iqurc 22 



_... 
INTESVAL 

LEfS THAW -8.000 _. 8 3 
-8.000 TO -7.53Q 
-7.500 TO -7.%O 2; 
-7.000 TO -6’.5ao -22 
-fi,5co TO -6rOO0 32 
-b.?C3 Tr) -5.5co 31 
-5,5Ct? TO -5.000 37 
-S.U@O TO '4.503 28 
-405cc TO -4,300 59 
-4.000 TO -3.5no .58 
-?*SCO TO -3,300 73 
-3.cr3 TO -2.5co 56 
-2.54(! Tf' -2*04@ 86 
-2.oco TO -l.SO@ 89 
-l*E;CC TO -1r3co 116 
-l.A[r? TO. -.531! 176 

-.5ce ro -* x0 136 
-rL?cr rn . 50 0 i95 

r5CU TO i. 000 .I!45 
l.DOO TO tr5DO 108 
1.500 TO 2. 'Jo 0 112 
2.000 TO 2.5or 79 
Z."CC TO 3. or0 h7 
3.903 TO 3.SDC El 
3.534 TO 4.000 78 
4.900 TO 4.500 44 
4.SCC TO 5.oco 41 
C,rlC" T[? 5.500 24 
F.SCJ T@ 6.530 35 
6rCiliJ TO 6.500 IR 
61504 TO 7. 20 0 24 
7.OPO TO 7.500 10 
7*5G4 'To 8.DOR e 

GRSATEP THAN 8. ooo- 37 

CEYTER = 

ziFRu taiToRf iao x+s EQUAL 195 RAYS 

~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxx 
xxxxxxxxxxxxx 
xxxxxxxxxxx 
xxxxxxxxxxxxxxxx 
XXXXXXYXXXXrXXX 
xxxxxxxxxxxxxxxx~x. 
xxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXX%XXX%kXXXXXXXXXXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
XXXXXxXXXXXXXXXXXXXXxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxK 
xxxxxxxxxxxxxxxYxxxxxxxxxxxxxxxxxxxxxxxxKxKxx 
XXXXXXXXXXxXXXXXXXXXxxxxxxx%xxxxxxxxxxxxxxxxxxxxKxxxKxxxxxK 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxxxxxxxxxxx 
XXXXXXXXXXXXXXXXXXXXxxxx~xxxxx%xxxx%xxxxxxxxxxxxxxxxxxxxxxxxxxxxKxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%xxKxxxxxxxxxxxxx~xxxxxxxxx~xxxxx~xxx~xxxx~xxx~xxxxxx~Krx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxyxxxxxxx~xxxxxxxxxxxxxxxxxxxxxxxxx~xxxxx 
XXXXX~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX~XXX~XKXXXXXXXX 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx%x~xxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxyxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxsxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx I 
xxxxxxxxx~xxxxxxxxxxxxx w 
XXXXXXXXXxxXXXXXXXxXX P 
xxxxxYxxxxxx I 
xxxxxxxxYxxxxxxxx 
xxx:~xxxxx 
xxxxxxxxxxxx _-. 
xxxxx 
xxxx 

'%xxxx%xxxxx-xX%xXxX- 

NO 27 OF Y IN IN iJ13.500 FT -FROM THE TARGET 

inE FOLLOHING IS A HISTOGRAM OF Y FOR 2217 RAYS 

Figure 23 



-32- 

TWO 0lYENSIOVAL PLOT OF YVS x 

gnoit ro -4r500 I 5421 121143211 I 28 _ ._ _ ___ ,_.___ --_-.-- . . . _ -.-. .--.----. .--.- --..~_--- .._.__,_ _ ._ -.---- . . _.. _ 
49500 l-o -4.00C I 1355A342524244ij '1 I 59 
S,OQG TO -3:,500 f 2268C3 642213322 I 58 
3.50n TO .,.._.__ ,... - 3 b 00 tl..r--.v-- ..---.-..-iK?H 432.7235 533 1% ~.~__~_ ..'- .-._ -.--- .-._.. -.-_.. 
3.003 TO -2r500 I 13954333224335 2 
2.500 TO -2wDCB I 24EFRA382363ilill I 86 
2 000 TO -1 511! I _.. l -. ._- __----_- ---.?.- - 43BHA9554143454 I 89 ---I.- - ---..--..--..---..-.. ---. _ .- - .._.. - _,_______._.. _. _ __. ._ 
l.SCO TO 4900 I 125IRf3849844552 El I 116 
l.OOG JO -.50n f 137KBQIJ4E36442611 I 176 
-r506 TO -*a00 I 1l40KDtF767752212 I 138 ,-_ __ - --- _-_. - ___- __-__. -.-.------.- _...._. _.-..--_.. -.--- . . ..- -._--..---... _._ .__- _.._.. .__ ____ 
-.oon TO l 500 I 21WYtMFJCA4451412 I 19% 

,500 TO 1*000 I 1150Q0FA??‘41674i2 f 145 
.3dme-_T 0 1._5_13_il___s-__.-.---.-_._ 
l.*56Q TO 2.000 f 1250L776?49428122 
2.080 TO z.!%lf I 24CF654556335 2i I 78 

113fwfA34463~~1~ r 67 - ..__._ - ___. ..--. -. ..-. ..-_-.-- --.. ^.___.___ 
35902124242732112 I 6i 

121HY425346i24242 I: 76 
? 40 _____._--- l.:3e~932gqc?..i5j411 2 .- 

112553L233 32424 I 41 
6221 5. 211332 I 24 

235312 I 24322 312 f 35 
1 3 31 214 2 3. 1 I@ 

12 334 lli 23 ILid. f 24 
iilil 1 1111 I IC _ _. 

21131 I: e 

TflTAL NUMBER OF EMTRfFS = 2217 INCLUOING UNOERFLOW AM0 OYEZFtOlJ 

UNOERFLOW OVERFLOW 
AfXOSS c 0 
OOWN 80 37 

bin 28 TWO OI,fjEtjSfON4L PLOT OF __ ._ __ 
X IN IN 1343.500 Fl- FROM THE TAHGET 
Y IN IN 1343,500 FT FROM THE TARGET 

Figure 24 


